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There are a number of experimental results 
suggesting that the microstructures of structural 
materials are influenced by lower temperature and 
low fluence irradiation during the start-up and 
shut-down procedures associated with fission 
reactor irradiation. Similar temperature transient 
during irradiation is expected in ITER and DEMO 
structural components. Some experiments were 
carried out, using JMTR, in which the temperature 
was intentionally varied in a controlled manner 
during irradiation. The result showed significant 
effects of the temperature vanatton on 
microstructure and properties of materials. Because 
of the total fluence level of JMTR was so low 
( <0.2 dpa), a controlled varying temperature 
irradiation experiment at higher exposure level is 
needed for further studies. Based on this 
motivation, a varying temperature irradiation 
experiment has been designed under the framework 
of the Japan-USA fusion cooperation program 
(JUPITER project). 
An irradiation capsule is being designed for 
operation in a High Flux Isotope Reactor (HFIR) 
removable beryllium (RB*) irradiation facility that 
will allow four sets of metallic test specimens to be 
irradiated to exposure levels ranging from 5 to 10 
dpa. Matched specimen sets will be irradiated to a 
similar exposure levels with different temperature 
histories. Two sets of specimens will be irradiated 
at constant temperatures of 500 C and 350 C. 
Corresponding specimen sets will be irradiated to a 
similar dose by locating them within the capsule an 
equal distance from the reactor mid-plane, however 
10% of exposure will occur at reduced temperature 
(300 C and 200 C). The half of the temperature 
history is schematically shown in Fig. 1 
The specimens will be sealed in a static helium 
environment inside four axially displaced 
cylindrical specimen holders during irradiation. The 
temperatures of the holders, and therefore the 
specimens, will be automatically controlled by 
regulating the heat from a set of heaters within each 
holder, while a temperature control gas mixture 
between the holders and the housing tube will be 
adjusted to minimize the heater output required to 
maintain the desired operating temperature. The 
control gas mixtures, consisting of helium and 
neon, will mix in a plenum below the gas gap of 
each holder. By allowing the gas mixture to mix 
inside the capsule, the response time of holder 
temperature changes due to control gas mixture 
adjustments should be very short. Flexible graphite 
material ( Grafoil) will be compressed between the 
housing tube and a zone separation piece to isolate 
the gas mixtures of adjacent zones. 
The heaters will be used to elevate specimen 
temperatures whenever the reactor power exceeds a 
certain level, tentatively 10% of full power, in 
order to minimize the exposure levels at improper 
temperatures to below 1 o-4 dpa during reactor 
transients. As the reactor power increases, the heat 
generated within the holders due to gamma and 
neutron interactions will increase allowing the 
heater output to be reduced while maintaining 
temperature. The temperature of the variable 
temperature holders will be maintained at 200 C 
and 350 C for approximately the first two days of 
each cycle and will then be increased to equal that 
of the corresponding steady temperature zones for 
the duration of the cycle. 
A n1ock-up of the holder has been built to test the 
heater and gas seal designs, to measure the time 
response and extent of temperature changes due to 
control gas mixture adjustments, and to benchmark 
the thermal calculations of the experiment. 
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Fig. 1. Temperarture history for four zones during 
the first five irradiaiton cycles. (total 10 
cycles) 
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